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Introduction {#sec004}
============

Lymphatic filariasis (LF) is a mosquito-borne parasitic infection of significant public health importance in 73 countries worldwide \[[@pntd.0008314.ref001]\]. Filarial infection impairs the function of lymphatic vessels and associated tissues and can lead to chronic disabling and disfiguring conditions including hydrocoele (scrotal swelling), lymphoedema (tissue swelling) and elephantiasis (skin/tissue thickening) of limbs; these are most often accompanied by acute inflammation or acute dermato-lymphangio-adenitis (ADLA). LF is a neglected tropical disease (NTD) and one of the leading causes of permanent and long-term disability\[[@pntd.0008314.ref002]\], with an estimated 65 million people affected globally. LF accounts for at least 2.8 million disability-adjusted life years (DALYs), but recent studies estimate the DALY burden to be nearly double this when taking different measures into account \[[@pntd.0008314.ref003]--[@pntd.0008314.ref005]\]. The Global Programme to Eliminate LF (GPELF) aims to address this burden and alleviate suffering through the management of morbidity and disability prevention (MMDP)\[[@pntd.0008314.ref001]\], and advocates that national LF elimination programmes implement a minimum package of care, including surgery for hydrocoele and management of lymphoedema to prevent progression of disease and ADLAs.

Hydrocoele is the most common LF clinical condition with an estimated 25 million men affected globally, yet has not received adequate attention despite being able to be treated through surgery \[[@pntd.0008314.ref002],[@pntd.0008314.ref006]--[@pntd.0008314.ref010]\]. The accumulation of fluid in the tunica vaginalis causes the enlargement of the scrotum, and resulting effects on the penis, can collectively impact men's physical and sexual function, marriageability, social life, psychological health, work and earning capacity, leaving them subject to social stigmatisation, ridicule, shame and poverty \[[@pntd.0008314.ref004],[@pntd.0008314.ref011]--[@pntd.0008314.ref019]\]. National MMDP programmes need to scale-up hydrocoele surgeries and improve capacity by training and integrating cases into routine hospital care, or by conducting hydrocoele campaigns (often referred to as hydrocoele surgical 'camps') where mass surgery is conducted over a few days to a week in a local facility.

Hydrocoelectomy is one of 28 essential surgical procedures that should be available worldwide \[[@pntd.0008314.ref008]\] and the rapidly developing field of 'global surgery' aims to provide improved and equitable care to the world's population \[[@pntd.0008314.ref020]\]. The World Health Organization (WHO) has recently released a new report on the surgical approaches to the urogenital manifestations of LF \[[@pntd.0008314.ref006]\]. Men with uncomplicated hydrocoeles can be treated at district (first level) hospitals, whereas those with more complicated hydrocoeles may need more experienced surgeons at regional or provincial (second or third level) hospitals \[[@pntd.0008314.ref002],[@pntd.0008314.ref006],[@pntd.0008314.ref007],[@pntd.0008314.ref021]\]. The cost of surgery varies by country, but is estimated to range between US\$80 and US\$360 \[[@pntd.0008314.ref006],[@pntd.0008314.ref022]\], and considered to be a very cost-effective intervention if less than US\$66 \[[@pntd.0008314.ref023]\]

Several studies have shown that men benefit from surgery with improved physical outcomes and relatively low post-operative complications and recurrence rates, however, the results are variable and not systematically reported \[[@pntd.0008314.ref007],[@pntd.0008314.ref024]--[@pntd.0008314.ref028]\]. In Ghana, a post-surgery follow-up survey including focus groups discussions and in-depth interviews found that patients reported major improvements in their health, physical and work capacity, social status and sexual performance \[[@pntd.0008314.ref026]\]. In Malawi, a retrospective physical and socio-economic survey on men who had surgery between 2010 and 2012 as part of hydrocoele camps or routine procedures, found that both younger and older men reported significant positive changes across many aspects of their lives, especially with respect to their mobility, pain, mental health and economic situation \[[@pntd.0008314.ref028]\].

Malawi has made good progress towards the elimination of LF as a public health problem, and in recent years has scaled-up MMDP activities, including hydrocoele surgeries to address the national burden. The highest number of hydrocoele cases occur in the highest endemic districts of Chikwawa and Nsanje in the southern region of the country \[[@pntd.0008314.ref029],[@pntd.0008314.ref030]\], The Malawi LF elimination programme conducted its first large scale hydrocoele camp in these two districts in 2015, which provided an opportunity to build on and confirm previous results \[[@pntd.0008314.ref028]\] and prospectively recruit men pre-surgery to better understand the range of clinical conditions and barriers to surgery, and to follow them after surgery to assess the potential impact of surgery on the quality of their lives.

Methods {#sec005}
=======

Study area {#sec006}
----------

This study was conducted in Chikwawa and Nsanje Districts located in the Southern Region of Malawi, which had estimated populations of 549,706 (50.2% male) and 288,581 (48.2% male) respectively in 2015 \[[@pntd.0008314.ref031]\]. These districts had the highest baseline LF prevalence at the beginning of the National LF Elimination Programme in 2008 ranging from 15.3% to 79.1% \[[@pntd.0008314.ref029],[@pntd.0008314.ref030]\], and had recorded a high LF morbidity burden in 2015 during mapping activities (described below), including 1867 men with hydrocoele; making these priority districts for MMDP intervention strategies.

Study design {#sec007}
------------

We prospectively recruited and followed-up men aged 18 years and older, who were identified in their community and consented to having surgery for their hydrocoele (i.e. hydrocelectomy) as part of a LF Elimination Programme free hydrocoele camp, coordinated by the Ministry of Health (MoH). The hydrocoele camp was planned to be conducted in six hospitals across Chikwawa and Nsanje Districts in December 2015. Each hospital aimed to conduct up to 100 surgeries over a 7 to 10-day period with hospital staff, operating theatres, and post-surgery beds specifically allocated for this large-scale surgical intervention. The study districts and location of the hospitals are shown in [Fig 1](#pntd.0008314.g001){ref-type="fig"}, which were mapped in ArcGIS 10.5.1 (ESRI, Redlands, CA) using traditional area boundaries available from <https://data.humdata.org/dataset/malawi-administrative-level-0-3-boundaries>.

![Location of hospitals in study districts of Chikwawa and Nsanje.](pntd.0008314.g001){#pntd.0008314.g001}

Patients were initially identified by local health surveillance assistants (HSAs) during detailed morbidity mapping activities conducted in 2014 and 2015, where every household was visited, and men with hydrocoele registered and reported \[[@pntd.0008314.ref032]\]. The LF Programme team, District Health Officers and HSAs were responsible for raising awareness of the camp and mobilising men for surgery, which was done through their routine health facility communication network. The hydrocoele camp was the first one planned by the MOH to address the needs of the 1867 men identified with hydrocoele across the two districts.

The surgery was conducted by experienced local surgeons or medical officers and supported by nursing staff who routinely conduct hydrocoele surgeries in their hospital or have previously participated in hydrocoele camps in the area \[[@pntd.0008314.ref028]\]. Pre-surgery, surgeons or medical officers were responsible for assessing men and clinically diagnosing their condition as a hydrocoele. The standard hydrocoelectomy procedures were followed and the operations were conducted using the resection (excision technique) surgical technique with a local or spinal anaesthesia, and patients discharged one or two days after surgery with analgesia. Oral antibiotics were prescribed post-surgery for 7--14 days depending on the hospital discharge regimen, including erythromycin, azithromycin or ciprofloxacin and if men returned with heavy infection, they were given intravenous ceftriaxone or metronidazole. Patients were advised to report to their local HSA or back to the hospital if there were any post-operative complications or symptoms of concerns such as swelling, bleeding, infection, pain or bandage issues.

Pre-surgery, information on individual demographic characteristics, clinical condition, barriers to surgery, and quality of life (QoL) was recorded through a semi-structured questionnaire (indicators described below). One nurse (male or female) per hospital was trained and supervised by the field research team to administer the questionnaire to men presenting for surgery. Post-surgery surveys were conducted at 3-months (March 2016) and 6-months (June 2016) by the field research team, and a HSA. Men were randomly selected from the list of pre-surgery patients and stratified across the six hospitals. Men were visited in their homes or at the nearest health facility and the same questionnaire, adapted to account for the absence of a hydrocoele following surgery, with additional information related to their recovery, was administered. All interviews were conducted in private. If men were not available, the reason for loss to follow-up was recorded. Post-surgery, a projected sample size of 155 (taking into account potential attrition) at 6-months post-surgery was designed to detect an effect of 20% for the entire cohort at 95% confidence and at a power of 0.8. More detailed assessment by age group and hydrocoele stage was carried out after sampling was completed with more details provided in the data collection and analysis section below.

Study indicators {#sec008}
----------------

### Pre-surgery characteristics, conditions and causes {#sec009}

Demographic information included place of residence (district), health catchment (name), length of time living in the district (years), age (years), marriage status (married, widowed, divorced, single), highest level of education (no schooling, primary, secondary, post-secondary/vocational) and primary source of income (paid employment, own business, own vegetable garden/animal, housework, family support, charity, other).

Clinical condition information included the length of time men had had the hydrocoele (years), and four clinical criteria based on classifications described in detail and pictorially presented by Capuano and Capuano \[[@pntd.0008314.ref033]\] including

1.  Type of hydrocoele--unilateral or bilateral

2.  Side of hydrocoele--right or left side of the scrotum, or bilateral

3.  Size of the hydrocoele--Stages I to VI; briefly Stage I (scrotum size of tennis ball), Stage II (greater than tennis ball), Stage III (reaches mid-thigh), Stage IV (reaches knee), Stage V (reaches between knee and lower mid-leg) and Stage VI (reaches between lower mid-leg and ankle)

4.  Penis burial---Grades 0 to 4; briefly Grade 0 (no burial), Grade 1 (partial burial with visible part of penis more than 2cm), Grade 2 (partial burial with visible part of penis more than 2cm), Grade 3 (total burial with glans penis visible) and Grade 4 (total burial with glans penis invisible)

Barriers to men having surgery was based on information, which included i) the main reason why they had not had surgery before (didn't know it was possible, condition wasn't bad, was scared, didn't want to leave family, couldn't afford surgery/transport/accommodation, no transport available, couldn't afford time off work, other) ii) their knowledge of the disease that causes hydrocoele (LF/elephantiasis, don't know, other) iii) knowledge of the cause of the disease (mosquitoes, worms, sexually transmitted, bad water, nothing/bad luck, witchcraft, catch off someone, don't know, other) and iv) the source of information on the cause of the disease (common knowledge, health worker, media--radio/tv, friends, other).

### Pre- and post-surgery comparison {#sec010}

Recovery from surgery information was based on men's self-reported post-operative symptoms/complications around the incision site including i) if they experienced swelling, bleeding, infection and/or pain/discomfort and i) what type of treatment they received. The frequency and severity of the post-operative symptoms and detailed information of their treatment were not recorded or verified by a health worker as part of this study, and therefore analysis of these variables, were limited due to the lack of detail, and potential for recall bias and/or subjective bias.

Quality of life (QoL) was based on information from an adapted Lymphatic Filariasis Quality of Life Questionnaire (LFSQQ)\[[@pntd.0008314.ref034],[@pntd.0008314.ref035]\], and included six predefined domains: pain, mobility, usual activities, self-care, social issues, and psychological health. Each QoL domain consisted of four to six questions (27 questions in total) with men's answers coded in four levels to assess and score the level of problem the hydrocoele (pre-surgery) or groin area (post-surgery) caused to their QoL. The four levels and associated scores included no problem = 0, mild problem = 1, moderate problem = 2, severe problem = 3. The individual scores were used to calculate an overall QoL score, which ranged between 0 (no problems recorded in all 27 questions) and 81 (severe problems recorded in all 27 questions) and a mean QoL score for each domain. In addition, the overall and domain-specific QoL scores were stratified by age group and hydrocoele stage.

Men were asked if the hydrocoele (pre-surgery) or groin area (post-surgery)

-   [Pain (5 questions)]{.ul}: gives them gives them pain or discomfort 1. sitting or lying still 2. generally moving around the house doing every-day activities 3. walking 4. doing strenuous physical work 5. having sex

-   [Mobility (6 questions)]{.ul}: gives them problems 6. moving in and around your home 7. sitting or getting out of a chair 8. lying down or standing up from the floor. 9. going up steps/stairs 10. using public transport 11. walking for one hour at a normal walking pace without a break

-   [Usual activities (4 questions)]{.ul}: gives them problems 12. doing your job 13. doing household activities 14. doing usual leisure activities 15. having sex

-   [Self-care (4 questions)]{.ul}: gives them problems 16. dressing or bathing yourself 17. urinating 18. using the toilet by themselves 19. accessing medical treatment when need it

-   [Social issues (4 questions)]{.ul}: gives them problems 20. moving around freely in public and interacting with people they don't know well 21. joining in regular social activities outside the home 22. joining in regular social activities inside the home or homes of family and friends 23. with romantic relationships

-   [Psychological health (4 questions)]{.ul}: makes them feel 24. worried about their health 25. worried about the future 26. neglected by friends and family members 27. unable to make plans for the future

Economic information was based on men's ability to work including i) the estimated number of days (adding partial days together with full days) they had been unable to work in the last month due to their hydrocoele (pre-surgery) or groin area (post-surgery).

Data collection and analysis {#sec011}
----------------------------

Survey information was collected using OpenDataKit (ODK; <https://opendatakit.org>) made available on an electronic tablet and transferred to IBM SPSS Statistics 24 for descriptive and statistical analysis. The use of ODK helped to ensure all questions were answered and eliminate the problem of missing data. Individuals were grouped into younger and older groups using the mean age of the pre-surgery sample to account for differences by age. Individuals were also grouped by hydrocele stage Stages I and II = Mild/Moderate; Stages III, IV and V = Severe. Stage III hydrocoeles (reaches mid-thigh) were grouped with Stages IV and V, as they were considered to have a significant impact on men's QoL. It is acknowledged that this grouping may dilute the potential effect of severity.

Pre-surgery, Chi-square tests were used to examine differences (clinical condition, barriers to surgery and knowledge of the cause of hydrocele) between age groups. Post-surgery at both 3-months and 6 months, Chi-square tests were used to compare reported symptoms/complications from surgery between the age group and hydrocoele stage group.

For the QoL analysis, student's t test (paired) were used to compare responses from men at different time points. When comparing responses between pre-surgery and post-surgery at 3-months, only individuals who had been interviewed at 3-months post-surgery were included in the analysis. When comparing responses between 6-months post-surgery and earlier time points, only individuals that had been interviewed at 6-months post-surgery were included in the analysis.

Ethics statement {#sec012}
----------------

Ethical approval for this study was obtained from the Research Ethics Committee at the Liverpool School of Tropical Medicine, UK (Research Protocol 15.047), and the National Health Sciences Research Committee in Malawi (Research Protocol 15/3/1406). All adult participants provided written informed consent, no children participated in the study.

Patient and public involvement statement {#sec013}
----------------------------------------

This research was conducted without any patient and public involvement.

Results {#sec014}
=======

Pre-surgery characteristics, conditions and causes {#sec015}
--------------------------------------------------

### Demographic characteristics {#sec016}

A total of 326 men received surgery across the six hospitals during the hydrocoele camp in November (n = 125) and December (n = 201) 2015. The surgeries started in selected hospitals in late November to fit with their schedules and staff availability, which resulted in these men being excluded from the planned survey that was due to begin in December. In addition, three men reported inguinal hernias and were referred for surgery following the hydrocoele camp. In total, 201 men were interviewed pre-surgery in December 2015; 61 men (30.3%) from three Chikwawa hospitals and 140 men (69.7%) from three Nsanje hospitals. The 201 men were from 31 health catchment areas and had predominately lived in their district all their lives (80.1%) or for more than 10 years (17.4%). Their age ranged from 24 to 99 years (mean 54.9 years SD = 16.6); the age group distribution for each district is shown in [Fig 2](#pntd.0008314.g002){ref-type="fig"}. There were 95 men younger than the mean aged \<55 years, and 106 men older than the mean aged ≥55 years. Most men were married (90%) and had a primary school level of education (64.7%) or no schooling (26.9%). Their primary source of income was their own vegetable garden (49.8%), own business (13.4%), paid employment (10.5%), housework (9.0%), farming or fishing (8.5%) with a small proportion relying on piecework, charity and/or family support.

![Age distribution of men having surgery for hydrocoele in Chikwawa and Nsanje Districts.](pntd.0008314.g002){#pntd.0008314.g002}

### Clinical conditions {#sec017}

Men reported having their hydrocoele for an average of 11.4 years (10.9 years for younger men; 11.8 years for older men), with a range of 1 to 50 years. Pre-surgery hydrocoele conditions, which were assessed by a medical professional before surgery are summarised by age group in [Table 1](#pntd.0008314.t001){ref-type="table"}. Most men had unilateral hydrocoeles (65.2%), affecting the left scrotum (36.3%) more than the right (28.9%). Overall, a significant difference was found between the younger and older age groups (X^2^ = 5.978, p = 0.05) with younger men found to have a high proportion of left scrotums affected, and older men had a higher proportion of bilateral hydrocoele. Most men had hydrocoele Stage I (13.9%), Stage II (43.8%) or Stage III (31.3%), and penis burial Grade 0 (44.8%), Grade 1 (39.3%) or Grade 2 (12.9%). Twenty men had hydrocoele Stage IV (10%), 14 men were in the older age group, with five men ≥75 years of age and penis burial Grades 1,2 and 4. Two men had hydrocoele Stage V, aged 75 years with penis burial Grade 3 and aged 48 years with penis burial Grade 4. Overall, no significant differences were found between younger and older men with hydrocoele stage or penis burial ([Table 1](#pntd.0008314.t001){ref-type="table"}).

10.1371/journal.pntd.0008314.t001

###### Clinical classification of patient's hydrocoele by age group.

![](pntd.0008314.t001){#pntd.0008314.t001g}

  ----------------------------------------------------------------------------------------------------------------
  Presentation          Total            \<55 years   ≥55 years    Chi-square
  --------------------- ---------------- ------------ ------------ -----------------------------------------------
  **Side affected**                                                

  Left                  73 (36.3%)       42 (44.2%)   31 (29.2%)   X^2^ = 5.978\
                                                                   P = 0.05[\*](#t001fn001){ref-type="table-fn"}

  Right                 58 (28.9%)       27 (28.4%)   31 (29.2%)   

  Bilateral             70 (34.8%)       26 (27.4%)   44 (41.5%)   

  **Hydrocoele size**                                              

  Stage I               28 (13.9%)       16 (16.8%)   12 (11.4%)   X^2^ = 2.191\
                                                                   P = 0.534

  Stage II              88 (43.8%)       42 (44.2%)   46 (43.4%)   

  Stage III             63 (31.3%)       29 (30.5%)   34 (32.1%)   

  Stage IV or V         22 (10.9%)       8 (8.4%)     14 (13.2%)   

  **Penis burial**                                                 

  Grade 0               90 (44.8%)       49 (51.6%)   41 (38.7%)   X^2^ = 3.644\
                                                                   P = 0.303

  Grade 1               79 (39.3%)       33 (34.7%)   46 (43.4%)   

  Grade 2               26 (12.9%)       10 (10.5%)   16 (15.1%)   

  Grade 3 or 4          6 (3.0%)         3 (3.2%)     3 (2.8%)     

  **Total**             **201 (100%)**   **95**       **106**      
  ----------------------------------------------------------------------------------------------------------------

\*p-value significant at 0.05

### Barriers to surgery {#sec018}

Men reported the main barriers to hydrocoele surgery as not being able to afford surgery, including associated transport and accommodation costs (36.3%), not thinking their condition was bad enough (16.4%), being scared or ashamed (11.9%) or not knowing surgery was possible or available (10%) ([Table 2](#pntd.0008314.t002){ref-type="table"}). Reasons related to hospital resources (7.0%), work and/or family commitments (7.5%), tradition or local medicines (5.5%) and medical reasons (5.5%) were also reported as barriers to surgery. There was no significant difference between younger and older men in reporting their barriers to surgery.

10.1371/journal.pntd.0008314.t002

###### Barriers to hydrocoele surgery reported pre-surgery by age group.
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  ------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Barriers to surgery                                                                              Total No. (%)    \               ≥55 years        Chi-Square
                                                                                                                    \<55 years                       
  ------------------------------------------------------------------------------------------------ ---------------- --------------- ---------------- ---------------
  Couldn\'t afford surgery/transport/accommodation                                                 73 (36.3%)       33 (34.7%)      40 (37.7%)       X^2^ = 4.665\
                                                                                                                                                     P = 0.793

  Condition wasn\'t bad enough                                                                     33 (16.4%)       17 (17.9%)      16 (15.1%)       

  Scared or ashamed                                                                                24 (11.9%)       13 (13.7%)      11 (10.4%)       

  Didn\'t know surgery was possible                                                                20 (10%)         7 (7.4%)        13 (12.3%)       

  Resource reasons: Surgery was postponed/not available/lack of resources/no transport             14 (7%)          6 (6.3%)        8 (7.5%)         

  Couldn't take time off work/family commitments                                                   15 (7.5%)        9 (9.5%)        6 (5.7%)         

  Was using traditional/local medicines                                                            11 (5.5%)        6 (6.3%)        5 (4.7%)         

  Medical reasons: Had surgery previously but hydrocoele had reoccurred/ was not fit for surgery   11 (5.5%)        4 (4.2%)        7 (6.6%)         

  **Total**                                                                                        **201 (100%)**   **95 (100%)**   **106 (100%)**   
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------

Men reported the cause of their hydrocoele as sexually transmitted (22.4%), having intercourse with a woman in menses or soon after abortion or giving birth (16.9%), bad luck (15.9%), or mosquitoes (8.5%). Nearly one fifth of men stated that they did not know what caused their hydrocoele (18.4%) and a few men reported other factors such as bad weather, not heeding tradition, infidelity, poor hygiene, witchcraft and hereditary ([Table 3](#pntd.0008314.t003){ref-type="table"}). There was no significant difference between young and older men. Of the men who reported the cause of their hydrocoele (n = 164), nearly half received their information from a friend (45.7%) and one third stated that it was common knowledge (32.3%) ([Table 4](#pntd.0008314.t004){ref-type="table"}). Approximately 10% of men received information from community health workers, and of these, the majority (88%) reported mosquitoes as the cause of hydroceles. The other two men that received information from a community health worker reported water and infection as the cause of their hydrocoele ([Table 4](#pntd.0008314.t004){ref-type="table"}).

10.1371/journal.pntd.0008314.t003

###### Reported causes of hydrocoele---Pre-surgery.
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  -------------------------------------------------------------------------------------------------------------------------
  Causes of hydrocoele                                       Total No. (%)    \<55 years      ≥55 years    Chi-Square
  ---------------------------------------------------------- ---------------- --------------- ------------ ----------------
  Sexually transmitted                                       45 (22.4%)       21 (22.1%)      24 (22.6%)   X^2^ = 10.290\
                                                                                                           P = 0.67

  Don\'t Know                                                37 (18.4%)       14 (14.7%)      23 (21.7%)   

  Sex with a woman on menses, after abortion/ giving birth   34 (16.9%)       22 (23.2%)      12 (11.3%)   

  Nothing/Bad luck                                           32 15.9%)        11 (11.6%)      21 (19.8%)   

  Other                                                      23 (11.4%)       9 (9.5%)        14 (13.2%)   

  Mosquitoes                                                 17 (8.5%)        12 (12.6%)      5 (4.7%)     

  Catch off someone (Infectious)                             13 (6.5%)        6 (6.3%)        7 (6.6%)     

  **Total**                                                  **201 (100%)**   95 **(100%)**   106 (100%)   
  -------------------------------------------------------------------------------------------------------------------------

\*Includes bad weather, worms, not heeding tradition, infidelity, poor hygiene, witchcraft and hereditary

10.1371/journal.pntd.0008314.t004

###### Information sources on the causes of hydrocoele reported in Tables [2](#pntd.0008314.t002){ref-type="table"} and [3](#pntd.0008314.t003){ref-type="table"} (pre-surgery).
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  Information source               Total Number (%)                                           Number identifying mosquitoes as the cause of LF
  -------------------------------- ---------------------------------------------------------- --------------------------------------------------
  Friends                          75(45.7%)                                                  0 (0%)
  Common knowledge                 53 (32.3%)                                                 0 (0%)
  Community health worker          17(10.4%)                                                  15 (88.2%)
  Parents/elders/ Radio/TV/media   14(4.5%)                                                   0 (0%)
  Don\'t know                      5 (3.0%)                                                   0 (0%)
  **Total**                        **164**[\*](#t004fn001){ref-type="table-fn"}**(100.0%)**   

\* Excluding the 37 men that answered "I don't know" when asked for the cause of hydrocele ([Table 3](#pntd.0008314.t003){ref-type="table"})

Pre- and post-surgery quality of life comparisons by age and stage {#sec019}
------------------------------------------------------------------

Post-surgery, a total of 152 men at 3-months and 137 men at 6-months were included in the survey. The loss to follow-up was due to men not being available at the time of interview due to travelling, working away, or no longer living in the district. It was not possible to contact men in advance of the interview as the majority lived in rural villages with limited phone access, and the name of the local community health worker was not known or recorded to assist with the follow-up, which is acknowledged as a limitation.

### Recovery from surgery {#sec020}

Post-surgery at the 3-months survey, 90 men reported they had experienced some degree of swelling, bleeding, infection and/or pain/discomfort around the incision site in the months immediately following surgery; two men reported all symptoms (swelling, bleeding, infection and pain/discomfort); two men (swelling, infection, pain/discomfort), four men (swelling, pain/discomfort), three men (bleeding, pain/discomfort), five men (infection, pain/discomfort), five men (swelling only) and 69 men (pain/discomfort only). Six men reported they returned to hospital for consultation and/or treatment following bleeding and/or infection and had their surgical site re-examined, re-sutured, cleaned and/or dressed. Nine of the men with infection and one man with bleeding, reported they received further antibiotic treatment. Most men with pain/discomfort reported they took oral pain relief e.g. paracetamol.

Specifically, with respect to the men ≥75 years with Stage IV and those with Stage V: three men ≥75 years with Stage IV were included in the follow-up survey and reported no complications other than pain and took oral pain relief. Of the two men with Stage V, the 75 year-old man with penis burial Grade 4 reported no complications other than pain and took oral pain relief. The 48 year-old man with penis burial Grade 4 reported swelling, bleeding, pain, infection 5 days post-surgery and required antibiotics, pain relief and his wound cleaning in hospital.

Post-surgery at 3-months and 6-months, all men reported that their swelling, bleeding, and/or infections had resolved. At 3-months post-surgery, only three men reported on-going pain/discomfort, which had resolved at 6-months post-surgery. Overall, there was no significant difference between younger and older men, or between men with mild/moderate and severe stages of hydrocoele in the post-surgery recovery ([Table 5](#pntd.0008314.t005){ref-type="table"}).

10.1371/journal.pntd.0008314.t005

###### Self-reported post-operative symptoms and complications, reported during surveys conducted at 3-months post-surgery (n = 152).
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  ----------------------------------------------------------------------------------------------------------------------------------------------------
  Domain                  Response   Total        Age             Hydrocoele Stage                                                     
  ----------------------- ---------- ------------ --------------- ------------------ --------------- ---------------- ---------------- ---------------
  **Swelling**            No         139          70 (94.5%)      69 (88.5%)         X^2^ = 1.826\   87 (92.6%)       52 (89.7%)       X^2^ = 0.385\
                                                                                     P = 0.289                                         P = 0.535

  Yes                     13         4 (5.5%)     9 (11.5%)       7 (7.4%)           6 (10.3%)                                         

  **Bleeding**            No         147          71 (96.0%)      76 (97.4%)         X^2^ = 0.265\   93 (98.9%)       54 (93.1%)       X^2^ = 3.836\
                                                                                     P = 0.607                                         P = 0.070

  Yes                     5          3 (4.0%)     2 (2.6%)        1 (1.1%)           4 (6.9%)                                          

  **Infection**           No         143          69 (93.2%)      74 (94.9%)         X^2^ = 0.181\   89 (94.7%)       54 (93.1%)       X^2^ = 0.689\
                                                                                     P = 0.671                                         P = 0.471

  Yes                     9          5 (6.8%)     4 (5.1%)        5 (5.3%)           4 (6.9%)                                          

  **Pain / discomfort**   No         77           33 (44.6%)      34 (43.6%)         X^2^ = 0.016\   33 (44.6%)       34 (43.6%)       X^2^ = 0.230\
                                                                                     P = 0.901                                         P = 0.151

  Yes                     85         41 (55.4%)   44 (56.4%)      41 (55.4%)         44 (56.4%)                                        

  **Total**                                       **74 (100%)**   **78 (100%)**                      **(94 (100%)**   **(58 (100%)**   
  ----------------------------------------------------------------------------------------------------------------------------------------------------

\*p-value significant at 0.05

Note. Men were asked in the 3-months post-surgery if they experienced swelling, bleeding, infection and/or pain/discomfort following the surgery

### Patient quality of life {#sec021}

Pre-surgery, the overall mean QoL score was 30.4 (SD = 16.1) with mean domain scores ranging from 2.2 to 6.7 ([Table 6](#pntd.0008314.t006){ref-type="table"}). In contrast, the overall mean QoL score post-surgery at 3-months was 0.4 (SD = 2.3) with individual mean domain scores ranging from 0 to 0.2, and post-surgery at 6-months were all zero (SD = 0) indicating no problem related to their QoL overall or in any specific domain. [Fig 3](#pntd.0008314.g003){ref-type="fig"} shows the colour-coded score for each question in each domain for a subset of men included in the pre-surgery, post-surgery at 3-month and 6-month surveys (n = 137). The colour-coded figure for all men is shown in [S1 Fig](#pntd.0008314.s002){ref-type="supplementary-material"}. The colour-coding of the scores visually highlights the significant changes from pre-surgery problems when many problems were classified as severe (red) and moderate (orange), to the post-surgery problems where most were classified as mild (yellow) and no problem (green).

![Quality of life responses across six domains colour-coded by the level of problem a subset of men experienced pre-surgery and post-surgery.](pntd.0008314.g003){#pntd.0008314.g003}

10.1371/journal.pntd.0008314.t006

###### Summary of pre-surgery and post-surgery quality of life scores across the domains.

![](pntd.0008314.t006){#pntd.0008314.t006g}

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------
  Domain                     Pre-surgery\   3-months follow up mean score\   6-months\     T test results                                   
                             Mean score\    (SD)                             follow up\                                                     
                             (SD)                                            mean score\                                                    
                                                                             (SD)                                                           
  -------------------------- -------------- -------------------------------- ------------- ------------------------ ----------------------- -----------------------
  **Pain**                   5.4 (3.9)      0.2 (0.8)                        0 (0)         t = 15.1823, p = 0.000   t = 2.4436, p = 0.016   t = 16.2396 p = 0.000

  **Mobility**               6.2 (4.9)      0.1 (0.8)                        0 (0)         t = 14.2454, p = 0.000   t = 1.8035, p = 0.074   t = 14.8273 p = 0.000

  **Usual activities**       4.7 (3)        0.1 (0.5)                        0 (0)         t = 17.815, p = 0.000    t = 1.9339, p = 0.055   t = 18.4616 p = 0.000

  **Self-care**              2.2 (2.5)      0 (0.1)                          0 (0)         t = 10.4734, p = 0.000   t = 1.7449, p = 0.083   t = 10.5665 p = 0.000

  **Social issues**          5.1 (3.9)      0 (0)                            0 (0)         t = 15.4897, p = 0.000   N/A                     t = 15.4897 p = 0.000

  **Psychological health**   6.7 (3.1)      0.1 (0.4)                        0 (0)         t = 24.943, p = 0.000    t = 1.6431, p = 0.103   t = 25.6588 p = 0.000

  **Overall**                30.4 (16.1)    0.4 (2.3)                        0 (0)         t = 21.3902, p = 0.000   t = 2.2763, p = 0.024   t = 22.0892 p = 0.000
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------

Note. Number included was 137, only individual included in the survey at 6-months post-surgery were included in the analysis. The four levels and associated scores included no problem = 0, mild problem = 1, moderate problem = 2, severe problem = 3. The individual scores were used to calculate an overall QoL score, which ranged between 0 (no problems recorded in all 27 questions) and 81 (severe problems recorded in all 27 questions). The mean QoL score for each domain ranged between 0 to 15 for pain (5 questions), and between 0 and 18 for mobility (6 questions) and 0 and 12 for all other domains (4 questions).

\*p-value significant at 0.05

The greatest changes in QoL scores and most significant differences were found between pre-surgery and post-surgery at 3-months ([Table 7](#pntd.0008314.t007){ref-type="table"}). No significant differences were found between younger and older age groups, but, when QoL scores were stratified by hydrocoele stage (mild/moderate vs. severe), significant differences were found pre-surgery overall and with some individual domains ([Table 7](#pntd.0008314.t007){ref-type="table"}). Pre-surgery, men with severe stage hydrocoele reported more problems with their QoL than men with mild/moderate stage hydrocoele overall (mean score 35 vs. 27.3) and related to their mobility (mean score 5.5 vs. 7.2), usual activities (mean score 4.2 vs. 5.5), self-care (mean score 1.7 vs. 3) and social issues (mean score 4.4 vs. 6.1), which all became non-significant post-surgery at 3-months ([Table 7](#pntd.0008314.t007){ref-type="table"}).

10.1371/journal.pntd.0008314.t007

###### Summary of pre-surgery and post-surgery quality of life scores across the domains, stratified by age group and hydrocoele stage.

![](pntd.0008314.t007){#pntd.0008314.t007g}

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Domain                     Time          Total\      Age Group     Hydrocoele Stage                                                                    
                                           (SD)                                                                                                          
  -------------------------- ------------- ----------- ------------- ---------------------- ---------------------- ------------- ----------------------- -----------------------------------------------------------
  **Pain**                   Pre-surgery   5.4\        5.3 (4)       5.5 (3.9)              t = -0.280 p = 0.780   5.1 (3.5)     5.9 (4.5)               t = -1.128 p = 0.261
                                           (3.9)                                                                                                         

  Post 3-months              0\            0 (0)       0.2 (0.9)     t = -1.247 p = 0.214   0.2 (0.8)              0.1 (0.7)     t = 0.414 p = 0.680     
                             (0)                                                                                                                         

  **Mobility**               Pre-surgery   6.2\        5.8 (5)       6.5 (4.7)              t = -0.794 p = 0.429   5.5 (4.5)     7.2 (5.3)               t = -2.036 p = 0.044[\*](#t007fn002){ref-type="table-fn"}
                                           (4.9)                                                                                                         

  Post 3-months              0\            0.1 (0.6)   0.2 (0.9)     t = -0.610 p = 0.543   0.1 (0.6)              0.1 (0.9)     t = -0.132 p = 0.895\   
                             (0)                                                                                                                         

  **Usual activities**       Pre-surgery   4.7\        4.6 (3)       4.8 (3)                t = -0.351 p = 0.726   4.2 (2.8)     5.5 (3.2)               t = -2.355 p = 0.020[\*](#t007fn002){ref-type="table-fn"}
                                           (3.0)                                                                                                         

  Post 3-months              0\            0 (0.4)     0.1 (0.6)     t = -0.808 p = 0.421   0.1 (0.4)              0.1 (0.5)     t = 0.149 p = 0.882     
                             (0)                                                                                                                         

  **Self-care**              Pre-surgery   2.2\        1.9 (2.3)     2.5 (2.6)              t = -1.487 p = 0.140   1.7 (2)       3 (2.9)                 t = -3.137 p = 0.002[\*](#t007fn002){ref-type="table-fn"}
                                           (2.5)                                                                                                         

  Post 3-months              0\            0 (0.1)     0 (0.2)       = -0.517 p = 0.606     0 (0.2)                0 (0.1)       t = 0.242 p = 0.809     
                             (0)                                                                                                                         

  **Social issues**          Pre-surgery   5.1\        4.9 (4)       5.3 (3.8)              t = -0.673 p = 0.502   4.4 (3.7)     6.1 (4)                 t = -2.579 p = 0.011[\*](#t007fn002){ref-type="table-fn"}
                                           (3.9)                                                                                                         

  Post 3-months              0\            0 (0)       0 (0)         N/A                    0 (0)                  0 (0)         N/A                     
                             (0)                                                                                                                         

  **Psychological health**   Pre-surgery   6.7\        6.8 (3)       6.7 (3.1)              t = 0.241 p = 0.810    6.4 (2.8)     7.3 (3.3)               t = -1.798 p = 0.074
                                           (3.1)                                                                                                         

  Post 3-months              0\            0 (0.2)     0.1 (0.5)     t = -0.761 p = 0.448   0.1 (0.5)              0 (0.3)       t = 0.506 p = 0.614     
                             (0)                                                                                                                         

  **Overall**                Pre-surgery   30.4\       29.4 (16.2)   31.4 (16.1)            t = -0.715 p = 0.476   27.3 (14.2)   35 (17.8)               t = -2.793 p = 0.006[\*](#t007fn002){ref-type="table-fn"}
                                           (16.1)                                                                                                        

  Post 3-months              0\            0.2 (1.7)   0.6 (2.6)     t = -0.980 p = 0.329   0.5 (2)                0.4 (2.6)     t = 0.238 p = 0.812     
                             (0)                                                                                                                         
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Note. Number included was 137, only individual included in the survey at 6-months post-surgery were included in the analysis. The four levels and associated scores included no problem = 0, mild problem = 1, moderate problem = 2, severe problem = 3. The individual scores were used to calculate an overall QoL score, which ranged between 0 (no problems recorded in all 27 questions) and 81 (severe problems recorded in all 27 questions). The mean QoL score for each domain ranged between 0 to 15 for pain (5 questions), and between 0 and 18 for mobility (6 questions) and 0 and 12 for all other domains (4 questions).

\*p-value significant at 0.05

Post-surgery selected patient quotes include: 'I can run now without a problem'; 'I am very happy because now I can walk freely and wear normal trousers. I am even leading the village groups'; 'I feel better now. I am no longer neglected in the community'; 'I was unable to go to church before as people would stare at me, but now I can go to church'; 'No-one laughs at me now, or calls me names'; 'Before the operation I was feeling very weak but now I am able to work and farm. I am healthy again'.

### Economic outcome {#sec022}

Pre-surgery, 54.2% (n = 92/201, 54.2%) of men reported taking at least one day off work (mean = 7.3 (Std. Error 0.75) days off work) in the last month because of their hydrocoele, and of these 24.4% (n = 49/201) reported taking more than 10 days. Post-surgery at 3-months, 17% (n = 26/152) of men reported taking at least one day off work (mean = 3.5 {SE 0.80) days off work) and 13.2% (20/152) more than 10 days off work, and at 6-months this decreased to zero days off work (n = 0/137;mean = 0 days of work) ([Fig 4](#pntd.0008314.g004){ref-type="fig"}).

![Number of days men have taken off work in the last month at pre-surgery and post-surgery intervals.](pntd.0008314.g004){#pntd.0008314.g004}

Discussion {#sec023}
==========

This is the first prospective cohort study to quantify the impact of LF hydrocoele surgery on the quality of men's lives. It builds on the retrospective study by Stanton et al. \[[@pntd.0008314.ref028]\], and better quantifies the clinical burden, knowledge, and barriers to surgery men face before surgery, and the substantial improvements in their physical, social, psychological and economic well-being at 3-months post-surgery, which was maintained and further improved at 6-months post-surgery. The study highlights how local experienced medical teams may be mobilised in Malawi and other endemic countries to address the hidden burden, measure impact and enable national LF elimination programmes to implement the package of care recommended by the GPELF \[[@pntd.0008314.ref001]\]. The hydrocoele camp helped to reduce the number of cases more rapidly than if conducted routinely \[[@pntd.0008314.ref028]\], and mobilised community health workers to engage in programmatic MMDP activities. This is important in high endemic areas such as Chikwawa and Nsanje where around 10% of the hydrocele cases were severe, and one third of cases were bilateral, mainly in older men who may have co-morbidities and require additional care from the health system and their families.

The men presenting for surgery were predominately poor farmers, who had suffered from their condition for around a decade and had their work capacity restricted. Not surprisingly, the main barrier to surgery was the cost, which has been shown to be a problem elsewhere \[[@pntd.0008314.ref012],[@pntd.0008314.ref015],[@pntd.0008314.ref026]\], and for other conditions requiring surgery \[[@pntd.0008314.ref020]\], and emphasises the need for national and international stakeholders to prioritise financial support and access to free surgical services \[[@pntd.0008314.ref036]\], especially for those living far from facilities \[[@pntd.0008314.ref028]\]. Currently, UK Aid provides the largest financial support for hydrocoele surgeries across 25 endemic countries, but more resources are urgently needed to address the immense global burden with quality surgical procedure and potentially improve millions of men's lives \[[@pntd.0008314.ref020],[@pntd.0008314.ref037]\]. In Malawi, the average cost of the surgery during the hydrocoele camp was US\$68 (including surgical supplies, support to surgical and hospital teams, patient transport, food and accommodation), and recent economic analysis of this hydrocoele camp data found a very high benefit-cost ratio of 24.5 \[[@pntd.0008314.ref038]\], with surgery enabling men to lead more economically productive lives. The results were robust to variations in the cost of surgery and the age of departure from the workforce. We found men were able to dramatically increase the number of working days after the initial recovery period, with none of them reporting time off work at 6-months post-surgery.

For men to access and fully benefit from surgery, they need to be better informed of the causes as there were many misconceptions, which is a common problem across endemic countries \[[@pntd.0008314.ref010],[@pntd.0008314.ref039]\]. National LF elimination programmes need to advocate for resources to support social mobilisation to increase community awareness, help to reduce stigma, and increase the uptake and demand for quality surgical services \[[@pntd.0008314.ref020]\]. Building on the existing health system network and optimising health worker programmes will be essential \[[@pntd.0008314.ref040]\], as we found men were more likely to correctly identify the cause of their hydrocoele if the information came from community health workers. Information on their knowledge and participation of mass drug administration was not collected as Malawi was in the surveillance phase but is also an additional consideration. These camps provide an opportunity to provide men with health education about LF and hydrocoele and improve their knowledge, attitude and ability to inform other community members of the benefit of surgery, and should be considered and measured in future studies as changes pre- and post-surgery are likely to be significant. Raising awareness of the presence and impact of inguinal hernias is also important as they may be misdiagnosed as hydrocoeles, but also require surgical care that may transform men's QoL \[[@pntd.0008314.ref008]\].

Further, support for the cost and access to transport is needed as it is a significant barrier to surgical health care in rural areas of Malawi \[[@pntd.0008314.ref041]\], and for men with hydrocoele as highlighted in this current study, and by Stanton *et al*. \[[@pntd.0008314.ref028]\] who found men living further from the district hospital were less likely to access surgery than those living close. Support for surgeons in these remote regions may also be an option for addressing the burden and the use of new mHealth technologies may help supervise and build capacity as recently shown in Tanzania \[[@pntd.0008314.ref042]\]. These issues for hydocoele as well as groin hernias are important for the global surgery agenda \[[@pntd.0008314.ref008],[@pntd.0008314.ref020]\] and also an integral component of the Sustainable Development Goals (SDGs) Goal 3---Good Health and Well-Being, which aims to end NTDs by 2030 and ensure coverage of interventions and access to essential health services \[[@pntd.0008314.ref043]\].

Overall, the rate of post-surgery complications was low as found in several other countries where they ranged between 2.2--5.0% \[[@pntd.0008314.ref007],[@pntd.0008314.ref021],[@pntd.0008314.ref024],[@pntd.0008314.ref027],[@pntd.0008314.ref042]\]. Most symptoms or complications had resolved at 3-months post-surgery, but a more defined follow-up plan and active involvement of the HSAs, district health workers and surgical teams in the immediate recovery period i.e. first two weeks, may have helped to address and reduce complications further. We recommend that future studies collect more information on the health systems supporting these activities and that patients are followed daily or weekly for one month immediately after surgery to better understand the range, severity and frequency of symptoms and/or complications and whether they differ by age group and/or hydrocoele stage. Further, more systematic reporting from the community health networks may have helped to reduce self-reported bias of post-surgery symptoms and complications, which are subjective and potentially underestimate some of the risks men face. A review of 350 cases in India reported higher complication rates, but noted these had been resolved and surgery led to an improvement in men's physical mobility, potency and sexual habits and a decrease of mental anguish \[[@pntd.0008314.ref025]\].

Our study also highlights significant improvements in men's mental health following surgery. This is important as very little is known about mental health illness associated with hydrocoele, or the wider implications for their families and caregivers \[[@pntd.0008314.ref004]\], who may indirectly benefit from interventions \[[@pntd.0008314.ref044]\]. The psychosocial impact and economic consequences of hydrocoeles are potentially huge and quite debilitating as shown with other NTDs \[[@pntd.0008314.ref045],[@pntd.0008314.ref046]\]. These are likely to be more pronounced in men with more severe conditions who indicated pre-surgery they had a poorer QoL, including difficulty with their mobility. More systematic methods of measuring the burden, comparing the severity and how surgical interventions impact on men's lives need to be considered, together with ways to prioritise essential surgical services, and strengthen and integrate care into health systems in endemic countries \[[@pntd.0008314.ref008],[@pntd.0008314.ref020]\].

The use of DALYs more systematically together with quality-adjusted life years (QALYs) may provide a better picture of the burden in men and how that may change with surgery. However, it is noteworthy that there are controversies with these health burden measures \[[@pntd.0008314.ref047],[@pntd.0008314.ref048]\], which need to be considered carefully for a disease such as LF where the burden may differ by clinical condition, severity of condition, presence of an ADLA and/or depressive illness \[[@pntd.0008314.ref004],[@pntd.0008314.ref005]\]. It would also be important to understand the range of co-morbidities that may impact on these measures, which has not been considered, but may be particularly prevalent in older men.

While this study highlights that surgery had a significant positive and lasting impact on men's lives, there were several limitations that should be considered in this study and addressed in future surveys, including i) the lack of detailed pre-surgery clinical data on hydrocoeles, hernias and other pre-existing medical conditions that may impact on patient's recovery and influence the results ii) the reliance on patient recall of post-surgery symptoms and complications rather than clinical data systematically collected by a trained health worker iii) the risk over interpreting self-reported changes in the QoL as patients may have felt obliged to over-emphasise their positive outcome in the presence of the interviewer iv) the loss to follow-up of many patients and lack of information on reasons why individuals could not be located v) the inability to address clinical follow-up needs of patients with severe stage hydrocoeles and/or complex repairs and vi) the exclusion of additional mental health objective measures to better understand the impact on patients.

Conclusions {#sec024}
-----------

This study prospectively examined men who underwent hydrocoele surgery and highlights the pre-surgical clinical burden, misconceptions about the cause, barriers to surgery and how the surgical intervention significantly improved many aspects of their lives including pain, mobility, daily living activity, social interactions and mental health. Further, it highlights the feasibility of using local medical infrastructure and expertise to address a neglected disease and support national programmes to implement and integrate an essential package of care into the health system. Finally, the survey methods used in this study provide a template to use and develop further by other researchers and programme managers to help assess the impact of interventions and provide evidence of improved QoL of people affected by LF and other NTDs.
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======================
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###### Quality of life responses across six domains colour-coded by the level of problem that all men experienced pre-surgery and post-surgery.
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